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INTEGRATED FAN-OUT PACKAGES AND
METHODS OF FORMING THE SAME

BACKGROUND

The semiconductor industry has experienced rapid growth
due to continuous improvements in the integration density of
a variety of electronic components (e.g., transistors, diodes,
resistors, capacitors, etc.). For the most part, this improve-
ment 1n 1ntegration density has come from repeated reduc-
tions 1 minimum feature size, which allows more compo-
nents to be itegrated into a given area. As the demand for
even smaller electronic devices has grown recently, there has
grown a need for smaller and more creative packaging

techniques of semiconductor dies.

An example of these packaging technologies 1s the Pack-
age-on-Package (PoP) technology. In a PoP package, a top
semiconductor packages 1s stacked on top of a bottom
semiconductor package to allow high level of integration
and component density. Another example 1s the Multi-Chip-
Module (MCM) technology, where multiple semiconductor
dies are packaged 1n one semiconductor package to provide
semiconductor devices with integrated functionalities.

The high level of integration of advanced packaging
technologies enables production of semiconductor devices
with enhanced functionalities and small footprints, which 1s
advantageous for small form factor devices such as mobile
phones, tablets and digital music players. Another advantage
1s the shortened length of the conductive paths connecting
the iteroperating parts within the semiconductor package.
This improves the electrical performance of the semicon-
ductor device, since shorter routing of interconnections
between circuits vyields faster signal propagation and
reduced noise and cross-talk.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice 1n the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
features may be arbitrarily increased or reduced for clarity of
discussion.

FIGS. 1-9 illustrate cross-sectional views ol a semicon-
ductor device at various stages of fabrication, 1n accordance
with an embodiment.

FIGS. 10-11 illustrate cross-sectional views of a semi-
conductor device at various stages of fabrication, 1n accor-
dance with an embodiment.

FIGS. 12-19 1illustrate cross-sectional views of a semi-
conductor device at various stages of fabrication, 1n accor-
dance with an embodiment.

FIG. 20 1llustrates a cross-sectional view ol a semicon-
ductor device, 1n accordance with an embodiment.

FIG. 21 illustrates a cross-sectional view of a semicon-
ductor die, 1n accordance with an embodiment.

FIGS. 22-27 illustrate cross-sectional views of a semi-
conductor device at various stages of fabrication, 1n accor-
dance with an embodiment.

FI1G. 28 1llustrates a flow char of a method for forming a
semiconductor device, in accordance with some embodi-
ments.

DETAILED DESCRIPTION

The following disclosure provides many different
embodiments, or examples, for implementing different fea-
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tures of the invention. Specific examples of components and
arrangements are described below to simplity the present
disclosure. These are, of course, merely examples and are
not intended to be limiting. For example, the formation of a
first feature over or on a second feature in the description
that follows may include embodiments 1n which the first and
second features are formed 1n direct contact, and may also
include embodiments 1n which additional features may be
formed between the first and second features, such that the
first and second features may not be 1n direct contact.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as 1llustrated 1n the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation 1n addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

Embodiments of the present disclosure are discussed in
the context of semiconductor devices and methods of form-
ing the semiconductor devices, and in particular, integrated
fan-out (InFO) semiconductor packages. In some embodi-
ments, a method of forming a semiconductor device include
attaching a metal foil to the backside of a semiconductor die,
and forming a molding material around the semiconductor
die and the metal foil. The metal foil functions as a heat sink
to Tacilitate heat dissipation from the semiconductor die. In
some embodiments, a thermally conductive material, such as
a metal paste, 1s formed over the backside of a semicon-
ductor die to function as a heat sink. A molding matenal 1s
formed around the semiconductor die and the thermally
conductive material, and a redistribution structure 1s formed
over the semiconductor die and the molding matenal.

FIGS. 1-9 illustrate cross-sectional views ol a semicon-
ductor device 100 at various stages of fabrication, 1n accor-
dance with an embodiment. In FIG. 1, a dielectric layer 103,
which may function as a release layer to facilitate a subse-
quent carrier de-bonding process, 1s formed over the carrier
101. In some embodiments, the dielectric layer 103 1s
omitted. A metal foi1l 107 1s attached to the carrier 101 by an
adhesive layer 105, and by the dielectric layer 103, 1f
formed.

The carrier 101 may be made of a material such as silicon,
polymer, polymer composite, metal foil, ceramic, glass,
glass epoxy, beryllium oxide, tape, or other suitable material
for structural support. The dielectric layer 103 1s deposited
or laminated over the carrier 101. The dielectric layer 103
may be photosensitive and may be easily detached from the
carrier 101 by, e.g., shining an ultra-violet (UV) light on the
carrier 101 1n the subsequent carrier de-bonding process. For
example, the dielectric layer 103 may be a light-to-heat-
conversion (LTHC) film made by 3M Company of St. Paul,
Minn.

Next, the metal fo1l 107 1s attached to the carrier 101 (e.g.,
via the dielectric layer 103) by the adhesive layer 105, which
adhesive layer 105 may be, e.g., a die attaching film (DAF).
The metal fo1l 107 1s pre-made (may also be referred to as
pre-formed) prior to being attached to the carrier 101, 1n the
illustrated embodiment. The metal foil 107 has a high
thermal conductivity, e.g., between about 100 watts per
meter-kelvin (W/(m-k)) and about 400 W/(m-k), such that
the metal fo1l 107 functions as a heat sink for the semicon-
ductor device 100 formed, as described in more details
hereinafter. In addition, the metal foil 107 may obviate the
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need to form a seed layer for forming conductive pillars 109
(see FIG. 2) on the metal foil 107. By using a pre-made
metal fo1l, manufacturing time (thus production throughput)
1s 1mproved compared with a process where the metal foil
107 1s formed (e.g., deposited) over the carrier 101 by
physical vapor deposition (PVD), chemical vapor deposition
(CVD), or the like. Furthermore, the pre-made metal foi1l 107
may have surfaces (e.g., upper surface and lower surface)
that are smoother (e.g., more planar) than what would be
achieved using a deposition process (e.g., PVD, CVD). A
more planar surface may be advantageous for subsequent
processing, such as photolithography and etching processes.

The metal foil 107 1s a copper foil, in the illustrated
embodiment, although other metal fo1l comprising a suitable
matenal, such as gold, tungsten, aluminum, silver the like,
or combinations thereof, may also be used. A thickness T of
the metal fo1l 107 1s between about 10 um and about 50 um,
such as 30 um, although other dimensions are also possible.

Referring to FIG. 2, the conductive pillars 109 are formed
over the metal fo1l 107. Since the metal fo1l 107 (e.g., copper
fo1l) may serve as a seed layer, the conductive pillars 109
may be formed over the metal foi1l 107 by forming a
patterned photoresist (not shown) over the metal foil 107,
where each of the openings in the patterned photoresist
corresponds to a location of the conductive pillar 109 to be
tormed; filling the openings with an electrically conductive
material such as copper using, e€.g., electroplating or elec-
troless plating; and removing the photoresist using, €.g., an
ashing or a stripping process. Other methods for forming the
conductive pillars 109 are also possible and are {fully
intended to be included within the scope of the present
disclosure.

Once formed, the conductive pillars 109 may have a width
W,, which may be about 20 um to about 60 um larger than
a target width W, (see FIG. 4). The larger width W, 1s
designed to compensate for a subsequent etching process
which reduces the width of the conductive pillars 109, as
described heremaftter. In some embodiments, the width W,
1s between about 100 um to about 300 um, such as 190 um,
although other dimensions are also possible.

Next, in FIG. 3, a semiconductor die 130 (also referred to
as a die, or an integrated circuit (IC) die) 1s attached to the
upper surface of the metal foil 107, e.g., between the
conductive pillars 109, using an adhesive layer 121. The
adhesive layer 121 may be a DAF. The thermal conductivity
of the DAF 1s generally low, such as about 0.25 W/(mm-k).
Theretfore, in embodiments where the adhesive layer 121 1s
a DAF, a thin DAF with a thickness of, e.g., between about
3 um and about 20 um, may be used to facilitate heat
dissipation from the semiconductor die 130. In some
embodiments, the adhesive layer 121 1s formed of a high-
thermal conductivity dielectric material (e.g., a matenal
comprising acrylic polymer, or S10,) with a thermal con-
ductivity between, e.g., about 0.2 W/(m-k) and about 10
W/(m-k), 1n which case the thickness of the adhesive layer
121 may be thicker, such as between about 20 um and about
50 um.

Before being adhered to the metal foil 107, the die 130
may be processed according to applicable manufacturing
processes to form integrated circuits 1n the die 130. For
example, the die 130 may include a semiconductor substrate
and one or more overlying metallization layers, collectively
illustrated as element 131. The semiconductor substrate may
be, e.g., silicon, doped or undoped, or an active layer of a
semiconductor-on-insulator (SOI) substrate. The semicon-
ductor substrate may include other semiconductor materials,
such as germanium; a compound semiconductor including
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s1licon carbide, gallium arsenic, gallium phosphide, gallium
nitride, indium phosphide, indium arsenide, and/or 1ndium
antimonide; an alloy semiconductor including S1Ge, GaAsP,
AllnAs, AlGaAs, GalnAs, GalnP, and/or GalnAsP; or com-
binations thereol. Other substrates, such as multi-layered or
gradient substrates, may also be used. Devices (not shown),
such as transistors, diodes, capacitors, resistors, etc., may be
formed 1n and/or on the semiconductor substrate and may be
interconnected by the metallization layers (not shown), e.g.,
metallization patterns in one or more dielectric layers on the
semiconductor substrate, to form one or more integrated
circuits.

The die 130 turther comprise pads (not shown), such as
aluminum pads, to which external connections are made.
The pads are on what may be referred to as active side or
front side of the die 130. The die 130 further comprises
passivation film (not shown) at the front side of the die 130
and on portions of the pads. Openings extend through the
passivation film to the pads. Die connectors 135, such as
conductive pillars (for example, comprising a metal such as
copper), extend into the openings of the passivation film and
are mechanically and electrically coupled to the respective
pads. The die connectors 135 may be formed by, for
example, plating, or the like. The die connectors 135 are
electrically coupled to the integrated circuits of the die 130.

A dielectric material 133 1s formed on the active sides of
the die 130, such as on the passivation film and/or the die
connectors 133. The dielectric matenial 133 laterally encap-
sulates the die connectors 135, and the dielectric material
133 may be laterally coterminous with the die 130. The
dielectric material 133 may be a polymer such as polyben-
zoxazole (PBO), polyimide, benzocyclobutene (BCB), or
the like; a nitride such as silicon nitride or the like; an oxide
such as silicon oxide, phosphosilicate glass (PSG), borosili-
cate glass (BSG), boron-doped phosphosilicate glass
(BPSG), or the like; or a combination thereof, and may be
formed, for example, by spin coating, lamination, CVD, or
the like.

Next, referring to FIG. 4, an etching process 1s performed
to remove portions of the metal fo1l 107. The etching process
1s a wet etch process, 1n some embodiments. The etching
process may be 1sotropic, and may be selective to (e.g.,
having a higher etching rate for) the material (e.g., copper)
of the conductive pillars 109 and the material of the metal
to1l 107 (e.g., copper fo1l). As a result of the etching process
(e.g., a wet etch process), exterior portions of the conductive
pillars 109 are removed, and aifter the etching process,
remaining portions (e.g., iterior portions) of the conductive
pillars 109 and remaimng portions of the metal foil 107
disposed directly under the conductive pillar 109 form
conductive pillars 108 with a width W,. Compared with the
width W, (see FIG. 2) of the conductwe pillars 109, the
width W, 1s about 20 um to about 60 um smaller. In other
words, due to the etching process, a distance between the
sidewall of the conductive pillars 108 and its center axis
(e.g., a longitudinal axis perpendicular to the upper surface
of the carrier 101) 1s about 10 um to about 30 um smaller
than that of the conductive pillar 109. The etching process
may also reduce a height of the conductive pillar 109.
Therefore, to compensate for the height loss due to the
ctching process, the height of the conductive pillar 109 may
be formed to be, e.g., at least 10 um to 30 um larger than a
height H of the die 130, such that after the etching process,
the upper surface 108U of the conductive pillar 108 1s level
with or higher (e.g., further from the carrier 101) than the
upper surtace 130U of the die 130.
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As 1llustrated 1n FIG. 4, the etching process also removes
portions of the metal foil 107 to expose areas of the upper
surface of the adhesive layer 105. For example, portions of
the metal fo1l 107 disposed laterally between the conductive
pillar 108 and the die 130 are removed. After the etching
process, portions (labeled as a metal fo1l 106) of the metal
to1l 107 directly under the die 130 remain, portions of the
metal foil 107 directly under the conductive pillar 109
remain, whereas other portions of the metal foil 107 are
removed, 1n some embodiments. In the i1llustrated example
of FIG. 4, under cuts are formed under the die 130 1n the
metal foil 106, due to the wet etch process. An oflset W,
between a sidewall of the die 130 and a sidewall of the metal
fo1l 106 1s between about 10 um to about 30 um, 1n some
embodiments.

An optional oxidization process may be performed after
the etching process to treat the conductive pillars 108. The
oxidization process may form a layer of oxide (e.g., copper
oxide) over the surfaces of the conductive pillars 108. The
layer of oxide may advantageously increase the adhesion
between the conductive pillars 108 and a subsequently
formed molding material 137 (see FIG. 3).

Next, in FIG. 5, the molding material 137 1s formed over
the adhesive layer 105. The molding material 137 surrounds
the die 130, the conductive pillars 108, and the metal foil
106. The moldmg material 137 may comprise an epoxy, an
organic polymer, a polymer with or without a silica-based or
glass filler added, or other matenals, as examples. In some
embodiments, the molding material 137 comprises a liqud
molding compound (LMC) that 1s a gel type liquid when
applied. The molding material 137 may also comprise a
liquad or solid when applied. Alternatively, the molding
material 137 may comprise other insulating and/or encap-
sulating materials. The molding material 137 1s applied
using a waler level molding process 1n some embodiments.
The molding material 137 may be molded using, for
example, compressive molding, transier molding, or other
methods.

Next, the molding material 137 1s cured using a curing
process, 1 some embodiments. The curing process may
comprise heating the molding material 137 to a predeter-
mined temperature for a predetermined period of time, using
an anneal process or other heating process. The curing
process may also comprise an ultra-violet (UV) light expo-
sure process, an infrared (IR) energy exposure process,
combinations thereot, or a combination thereof with a heat-
ing process. Alternatively, the molding material 137 may be
cured using other methods. In some embodiments, a curing
process 1s not included.

Next, a planarization process, such as chemical and
mechanical polish (CMP), may be performed to remove
excess portions of the molding material 137 over the front
side of the die 130. After the planarization process, the
molding material 137, the conductive pillars 108, and the die
connectors 135 have a coplanar upper surface, 1n some
embodiments. In some embodiments, the planarization pro-
cess 1s omitted.

Next, 1n FIG. 6, a redistribution structure 140 i1s formed
over the die 130, the conductive pillars 108, and the molding
material 137. The redistribution structure 140 comprises one
or more layers of electrically conductive features 143 (e.g.,
conductive lines and conductive vias) formed 1n one or more
dielectric layer 141. The redistribution structure 140 1is
clectrically coupled to the conductive pillars 108 and the die
130 (e.g., through the die connectors 135).

In some embodiments, the one or more dielectric layers
141 are formed of a polymer, such as PBO, polyimide, BCB,
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or the like; a nitride such as silicon nitride; an oxide such as
silicon oxide, PSG, BSG, BPSG, or the like. The one or

more dielectric layers 141 may be formed by a suitable
deposition process, such as spin coating, CVD, laminating,
the like, or a combination thereof.

In some embodiments, the conductive features of the

redistribution structure 140 comprise conductive lines and
conductive vias formed of a suitable conductive material
such as copper, titanium, tungsten, aluminum, or the like.
The redistribution structure 140 may be formed by forming
a dielectric layer; forming openings in the dielectric layer to
expose underlying conductive features; forming a seed layer
(not shown) over the dielectric layer and in the openmings;
forming a patterned photoresist (not shown) with a designed
pattern over the seed layer; plating (e.g., electroplating or
clectroless plating) the conductive matenal in the designed
pattern and over the seed layer; and removing the photoresist
and portions of seed layer on which the conductive material
1s not formed. The above described process may be repeated
to form multiple layers of conductive features and multiple
dielectric layers for the redistribution structure 140.

Other methods of forming the redistribution structure 140
are also possible and are fully intended to be included within
the scope of the present disclosure. For example, damascene
and/or dual-damascene process may be used to form the
redistribution structure 140. In some embodiments, some
layers of the conductive features of the redistribution struc-
ture 140 are formed by damascene/dual-damascene process,
and some other layers of the conductive features of the
redistribution structure 140 are formed by the method
described above using, ¢.g., patterned photoresist and plat-
ing.

The number of dielectric layers 141 and the number of
layers of the conductive features 143 1n the redistribution
structures 140 of FIG. 6 are merely non-limiting examples.
Other numbers of the dielectric layers and other numbers of
layers of the conductive features are also possible and are
tully intended to be included within the scope of the present
disclosure.

Still referring to FIG. 6, connectors 145 (may also be
referred to as external connectors, conductive bumps) are
formed over and electrically coupled to the conductive
features (e.g., conductive lines and vias) of the redistribution
structure 140. The connectors 145 are electrically coupled to
the die 130 through the conductive features of the redistri-
bution structure 140, in the illustrated embodiment. In some
embodiments, at least one of the connectors 145 1s electri-
cally coupled to the conductive pillar 108 through the
redistribution structure 140.

The connectors 145 may be solder balls, metal pillars,
controlled collapse chip connection (C4) bumps, micro
bumps, electroless nickel-electroless palladium-immersion
gold techmque (ENEPIG) formed bumps, combination
thereof (e.g., a metal pillar having a solder ball attached
thereof), or the like. The connectors 145 may include a
conductive material such as solder, copper, aluminum, gold,
nickel, silver, palladium, tin, the like, or a combination
thereof. In some embodiments, the connectors 145 comprise
a eutectic material and may comprise a solder bump or a
solder ball, as examples. The connectors 145 may form a
orid, such as a ball gnd array (BGA). The connectors 145
may be formed using any suitable process. Although the
connectors 145 are illustrated in FIG. 6 as having a partial
sphere shape, the connectors 145 may comprise other
shapes. For example, the connectors 145 may also comprise
non-spherical conductive connectors.




US 10,510,595 B2

7

In some embodiments, the connectors 145 comprise metal
pillars (such as a copper pillar) formed by a sputtering,
printing, electro plating, electroless plating, CVD, or the
like, with or without a solder material thereon. The metal
pillars may be solder free and have substantially vertical
sidewalls or tapered sidewalls.

Although not shown in FIG. 6, under bump metallization
(UBM) structures may be formed over the redistribution
structure 140, before the connectors 145 are formed. In other
words, the UBM structures may be formed between and
clectrically coupled to the connectors 145 and the redistri-
bution structure 140. The UBM structures may comprise one
or more layers of electrically conductive material, such as
copper, tungsten, titanium, gold, nickel, the like, alloys
thereof, or combinations thereof. To form the UBM struc-
tures, openings are formed 1n the topmost dielectric layer of
the redistribution structure 140 to expose conductive fea-
tures (e.g., copper lines or copper pads) of the redistribution
structure 140. After the openings are formed, the UBM
structures may be formed in electrical contact with the
exposed conductive features.

Next, in FIG. 7, the semiconductor device 100 1llustrated
in F1G. 6 1s thipped over, and the connectors 145 are attached
to a tape 153 (e.g., a dicing tape) supported by a frame 151
(e.g., ametal frame). Next, the carrier 101 1s de-bonded from
the semiconductor device 100 by a suitable process, such as
ctching, grinding, or mechanical peel ofl. In an embodiment
where the dielectric layer 103 1s an LTHC film, the carrier

101 1s de-bonded by exposing the carrier 101 to a laser or
UV light. The laser or UV light breaks the chemical bonds

of the LTHC film that binds to the carrier 101, and the carrier
101 can then be easily detached. The dielectric layer 103
(e.g., an LTHC film) 1s also removed after the carrier
de-bonding process, 1 some embodiments.

Next, 1n FIG. 8, a cleaning process 1s performed to
remove the adhesive layer 105 (e.g., a DAF). The cleaning
process 1s a dry etch process, such as a plasma process, in
some embodiments. In some embodiments, the cleaning
process 1s a wet etch process. After the cleaning process, the
upper surface of the metal o1l 106, the upper surface of the
conductive pillars 108, and the upper surface of the molding
maternial 137 are exposed. In the illustrated embodiment, the
upper surface of the metal o1l 106, the upper surface of the
conductive pillars 108, and the upper surface of the molding
material 137 are level with each other. The exposed metal
to1l 106 advantageously facilitates heat dissipation of the die
130, such that the heat generated by the die 130 can easily
dissipate through the adhesive layer 121 and the metal foil
106. For this reason, the metal foi1l 106 may also be referred
to as a heat sink 1 the discussion herein.

Referring next to FIG. 9, a semiconductor package 160
(also referred to as a top package), such as a package
comprising memory devices, 1s attached to the semiconduc-
tor device 100 shown 1n FIG. 8 (also referred to as a bottom
package) to form the semiconductor device 100 1n FIG. 9,
thereby forming a semiconductor device 100 with a pack-
age-on-package (PoP) structure.

As 1llustrated 1n FIG. 9, the semiconductor package 160
has a substrate 161 and one or more semiconductor dies 162
(c.g., memory dies) attached to an upper surface of the
substrate 161. In some embodiments, the substrate 161
includes silicon, gallium arsenide, silicon on 1nsulator
(“SOI”) or other similar materials. In some embodiments,
the substrate 161 1s a multiple-layer circuit board. In some
embodiments, the substrate 161 includes bismaleimide tri-
azine (BT) resin, FR-4 (a composite material composed of
woven fiberglass cloth with an epoxy resin binder that 1s
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flame resistant), ceramic, glass, plastic, tape, film, or other
supporting materials. The substrate 161 may include con-
ductive features (e.g., conductive lines and vias) formed
in/on the substrate 161. As 1llustrated 1n FIG. 9, the substrate
161 has conductive pads 163 formed on the upper surface
and a lower surface of the substrate 161, which conductive
pads 163 are electrically coupled to the conductive features
of the substrate 161. The one or more semiconductor dies
162 are electrically coupled to the conductive pads 163 by,
¢.g., bonding wires 167. A molding material 165, which may
comprise an epoxy, an organic polymer, a polymer, or the
like, 1s formed over the substrate 161 and around the
semiconductor dies 162. In some embodiments, the molding,
material 165 are conterminous with the substrate 161, as
illustrated in FIG. 9.

In accordance with some embodiments, a retlow process
1s performed to electrically and mechanically coupled the
semiconductor package 160 to the conductive pillars 108.
Conductive joints 168 are formed between the conductive
pads 163 and the conductive pillars 108. In some embodi-
ments, solder paste (not shown) 1s deposited on the upper
surfaces of the conductive pillars 108, and the conductive
joints 168 are formed by bonding external connectors of the
semiconductor package 160 with the melted solder paste.
FIG. 9 1llustrates interfaces 1681 between upper portions
168U of the conductive joints 168 and lower portions 168L
of the conductive joints 168, where the upper portions 168U
may correspond to at least portions of the external connec-
tors of the semiconductor package 160 and the lower por-
tions 168L. may correspond to at least portions of the solder
paste used to form the conductive joint 168. For simplicity,
the interfaces 1681 may not be illustrated in subsequent
drawings. In some embodiments, the conductive joints 168
comprise solder regions, conductive pillars (e.g., copper
pillars with solder regions on at least end surfaces of the
copper pillars), or any other suitable conductive joints. An
inter-metallic compound (IMC) 169 may be formed at the
interface between the conductive joints 168 and the conduc-
tive pillars 108. Although not shown 1n FIG. 9, the IMC may
also be formed at the interface between the conductive joints
168 and the conductive pads 163.

Although not 1illustrated, a dicing process may be per-
formed after the conductive joints 168 are formed to sepa-
rate the semiconductor device 100 from other neighboring
semiconductor devices (not shown) formed in the same
processing steps, thereby forming a plurality of individual
semiconductor devices 100. The mdividual semiconductor
devices 100 may then be removed from the tape 153.

Variations to the disclosed embodiments are possible and
are fully intended to be included within the scope of the
present disclosure. For example, while FIG. 9 1llustrates two
conductive pillars 108, the number of conductive pillars 108
may be more or less than two. In addition, although the die
130 1s 1llustrated 1n FIG. 9 to be 1in the middle region of the
semiconductor device 100 and surrounded by the conductive
pillars 108, the die 130 may be disposed i1n a peripheral
region of the semiconductor device 100, and the conductive
pillars may not surround the die 130. As another example,
the die 130 may be attached to the metal foil 107 before the
conductive pillars 109 are formed.

FIGS. 10-11 1illustrate cross-sectional views of a semi-
conductor device 200 at various stages of fabrication, 1n
accordance with an embodiment. The processing 1llustrated
in FIGS. 10 and 11 follow the processing shown in FIG. 7.
In other words, FIGS. 1-7, 10, and 11 illustrate the process-
ing steps for fabricating the semiconductor device 200, 1n
some embodiments. Unless otherwise stated, similar numer-
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als in FIGS. 10-11 1illustrate the same or similar components
as 1n FIGS. 1-10, and are formed by the same or similar
formation methods, thus details may not be repeated.

Referring to FIG. 10, after the processing of FIG. 7,
openings 123 are formed in the adhesive layer 103 to expose
upper surfaces of the conductive pillars 108. The openings
123 may be formed by laser drilling, etching (e.g., dry
ctching or wet etching), the like, or combinations thereof.
Although not shown, solder paste may be formed in the
openings 123 prior to bonding with the semiconductor
package 160 (see FIG. 11).

Next, in FIG. 11, the semiconductor package 160 1s
bonded to the conductive pillars 108 to form the semicon-
ductor device 200 with a PoP structure. Conductive joints
168 are formed between the semiconductor package 160 and
the conductive pillars 108. Processing 1s the same or similar
to those discussed above with reference to FIG. 10, thus
details are not repeated.

By keeping the adhesive layer 105 1n the semiconductor
device 200, the cleaning process (see discussion with ref-
erence to FIG. 8) used to remove the adhesive layer 105 1s
not performed, thus reducing the processing cost and pro-
cessing time. Since the adhesive layer 103 (e.g., a DAF) may
have a lower thermal conductivity than the metal foil 106,
the efliciency of heat dissipation for the semiconductor
device 200 may be lower than that of the semiconductor
device 100 of FIG. 10. In some embodiments, the adhesive
layer 105 1s formed of a high-thermal conductivity dielectric
material having a thermal conductivity between, e.g., about
0.2 W/(m-k) and about 10 W/(m-k), to compensate for, at
least 1n part, the loss 1n the efliciency of heat dissipation for
the semiconductor device 200.

FIGS. 12-19 illustrate cross-sectional views of a semi-
conductor device 300 at various stages of fabrication, 1n
accordance with an embodiment. Unless otherwise stated,
similar numerals in FIGS. 12-11 illustrate the same or
similar components as 1n FIGS. 1-10, and are formed by the
same or similar formation methods, thus details may not be
repeated.

Referring to FIG. 12, the dielectric layer 103, such as an
LTHC film, 1s formed over the carrier 101. Conductive
pillars 109 are formed over the dielectric layer 103. The
conductive pillars 109 may be formed by forming a seed
layer (not shown) over the dielectric layer 103; forming a
patterned photoresist (not shown) over the seed layer, where
cach of the openings 1n the patterned photoresist corre-
sponds to a location of the conductive pillar 109 to be
tormed; filling the openings with the electrically conductive
material such as copper using, e.g., electroplating or elec-
troless plating; removing the photoresist using, e.g., an
ashing or a stripping process; and removing portions of the
seed layer on which the conductive pillars 109 are not
formed. Other methods for forming the conductive pillars
109 are also possible and are fully mtended to be included
within the scope of the present disclosure.

Next, 1n FIG. 13, the backside of the semiconductor die
130 1s attached to the dielectric layer 103 by an adhesive
layer 121 (e.g., a DAF). The adhesive layer 121 may be a
DAF with a low thermal conductivity of about 0.25 W/(m-
k) with a thickness between about 3 um and about 10 um. In
some embodiments, the adhesive layer 121 1s formed a
high-thermal conductivity dielectric material with a thermal
conductivity between about 0.2 W/(m-k) and about 10
W/(m-k) and a thickness between about 20 um and about 50
L.

An optional oxidization process may be performed to treat
the conductive pillars 109. The oxidization process may
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form a layer of oxide (e.g., copper oxide) over the surfaces
of the conductive pillars 109. The layer of oxide may
advantageously increase the adhesion between the conduc-
tive pillars 109 and the subsequently formed molding mate-
rial 137.

Next, in FIG. 14, the molding material 137 1s formed over
the dielectric layer 103. The molding material 137 surrounds
the die 130 and the conductive pillars 109. A planarization
process, such as CMP, may be performed to remove excess
portions of the molding material 137 over the die 130, and
to achieve a coplanar upper surface between the conductive
pillars 109, the molding material 137, and the die 130. In
some embodiments, the planarization process 1s omitted.

Next, in FIG. 15, the redistribution structure 140 1s
formed over the die 130, the conductive pillars 109, and the
molding material 137. The redistribution structure 140 1s
clectrically coupled to the die 130 and the conductive pillars
109, 1n the illustrated embodiment. In addition, the connec-
tors 145 are formed over and electrically coupled to the
redistribution structure 140. In some embodiments, at least
one of the connectors 145 is electrically coupled to the
conductive pillar 109 through the redistribution structure
140. Although not illustrated, UBM structures may be
formed between the connectors 145 and the redistribution
structure 140.

Next, refer to FIG. 16, the semiconductor device 300 1n
FIG. 15 1s tlipped over, and the connectors 145 are attached
to the tape 133 supported by the frame 151. Next, the carrier
101 1s de-bonded from the semiconductor device 300. After
the carrier de-bonding process, a cleaning process 1s per-
formed to remove the dielectric layer 103 (e.g., an LTHC
film). The cleaning process may be performed using a
suitable etchant, such as hydrochloric acid (HCI), or using
the RCA cleaning process used in semiconductor manufac-
turing.

Next, 1n FIG. 17, the adhesive layer 121 (e.g., a DAF) 1s
removed. A suitable etching process, such as a plasma etch
process using an etching gas comprising hydrogen fluoride
(HF), oxygen (O,), the like, or combinations thereof, may be
performed to remove the adhesive layer 121. A carrier gas,
such as argon (Ar), may be used to carry the etching gas.
After the adhesive layer 121 1s removed, a recess 125 1s
formed 1n the molding material 137. The recess 1235 exposes
the backside of the die 130, as illustrated in FIG. 17.

Referring next to FI1G. 18, a thermally conductive material
171 1s formed over the backside of the die 130. The
thermally conductive material 171 fills the recess 125 (see
FIG. 17) and extends over the upper surfaces of the molding
material 137. The thermally conductive material 171 has a
high thermal conductivity, e.g., between about 100 W/(m-k)
and about 400 W/(m-k), and functions as a heat sink to
facilitate heat dissipation of the die 130. Therefore, the
thermally conductive material 171 may also be referred to as
a heat sink 1n the discussion herein.

In some embodiments, the thermally conductive material
171 1s a metal paste that may comprise an adhesive material
such as epoxy with metal fillers (e.g., silver particles, copper
particles, aluminum particles) dispersed therein, and there-
fore, the thermally conductive material 171 1s electrically
conductive, 1n the illustrated embodiment. The thermally
conductive material 171 1s a silver paste, a copper paste, an
aluminum paste, or the like, 1n some embodiments. In some
embodiments, the thermally conductive material 171 has
good thermal conductivity (e.g., larger than 15 W/(m—-k)),
and may additionally have a high heat capacity (e.g. about
1’700 joules per gram per degree Celsius (J/(g © C.)) or
larger). The thermally conductive material 171 may be




US 10,510,595 B2

11

formed by, e.g., depositing a metal paste 1n the recess 125,
although depending on the composition (e.g., material) of
the thermally conductive maternial 171, other suitable
method, such as CVD, sputtering, plating, dispensing, jet-
ting, printing, thermal bonding may also be used to form the
thermally conductive material 171.

The material for the thermally conductive material 171 1s
not limited to metal paste. Instead, any material with good
thermal conductivity may be used. As an example, carbon
nanotubes may be formed 1n the recess 125 and used as the
thermally conductive material 171. The carbon nanotubes
may be formed to extend from the backside of the die 130
to above the upper surface of the molding material 137. The
ranges for the thermal conductivity and the heat capacity
described above for the thermally conductive material 171
are for illustrated purpose only and not limiting, other ranges
for the thermal conductivity and the heat capacity are
possible and are fully itended to be included within the
scope of the present disclosure.

As 1llustrated 1n FIG. 18, the thermally conductive mate-
rial 171 has an lower portion extending from the backside of
the die 130 to the upper surface 137U of the molding
material 137, and has an upper portion extending above the
upper surface 137U of the molding material 137. In an
embodiment, a thickness D, of the upper portion of the
thermally conductive material 171 1s between about 10 um
and about 100 um, and a total thickness D, of the thermally
conductive material 171 1s between about 10 um and about
150 um. As illustrated in FIG. 18, the upper portion of the
thermally conductive material 171 extends laterally beyond
boundaries (e.g., sidewalls) of the die 130, and forms an
overhang over the die 130. The width D, of the overhang
portion of the thermally conductive material 171 1s between
about 10 um and about 20 um, 1n some embodiments. One
skilled 1n the art will appreciate that the dimensions of the
thermally conductive material 171 discussed herein are for
illustration purpose and not limiting. Other dimensions are
also possible and are fully intended to be included within the
scope of the present disclosure.

Referring next to FIG. 19, the semiconductor package 160
1s bonded to the conductive pillars 109 to form the semi-
conductor device 300 with a PoP structure. Conductive
joints 168 are formed between the semiconductor package
160 and the conductive pillars 109. A retlow process may be
performed to form the conductive joints 168. The thermally
conductive material 171 (e.g., a metal paste) may be cured
by the reflow process. Processing 1s otherwise the same or
similar to those discussed above with reference to FIG. 10,
thus details are not repeated.

Variations of the disclosed embodiments are possible and
are fully intended to be included within the scope of the
present disclosure. For example, although the upper surface
of the thermally conductive material 171 1s illustrated to be
between the upper surface 137U of the molding material 137
and the lower surface 161L of the semiconductor package
160 1n FI1G. 19, 1n other embodiments, the upper surface of
the thermally conductive material 171 may contact the lower
surface 161L of the semiconductor package 160. In other
words, the thermally conductive material 171 may extend
continuously from the backside of the die 130 to the lower
surface 161L of the semiconductor package 160, as 1llus-
trated by the dotted line 172 1n FIG. 19. As another example,
the upper surface of the thermally conductive material 171
may be level with, or lower than (e.g., closer to the redis-
tribution structure 140), the upper surface 137U of the
molding material 137.
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FIG. 20 illustrates a cross-sectional view of a semicon-
ductor device 400 at a stage of fabrication, in accordance
with an embodiment. The processing illustrated in FIG. 20
follows the processing shown 1in FIG. 16. In other words,
FIGS. 12-16 and 20 illustrate the processing steps for
tabricating the semiconductor device 400, 1n some embodi-
ments. Unless otherwise stated, similar numerals 1n FIGS.
12-16 and 20 1illustrate the same or similar components as in
FIGS. 1-10, and are formed by the same or similar formation
methods, thus details may not be repeated.

Referring to FI1G. 20, after the carnier 101 1s de-bonded
and the dielectric layer 103 1s removed (see FIG. 16), the
thermally conductive material 171 1s formed over the adhe-
sive layer 121 (e.g., a DAF) and over the molding material
137. The thermally conductive material 171 has a thickness
between about 10 um and about 100 um, 1n some embodi-
ments. As 1llustrated in FIG. 20, the thermally conductive
material 171 extends laterally beyond boundaries (e.g.,

sidewalls) of the die 130, and forms an overhang over the die
130. The width (similar to D, 1n FIG. 18) of the overhang

portion of the thermally conductive material 171 1s between
about 10 um and about 20 um, 1n some embodiments.

One skilled 1n the art will appreciate that the dimensions
of the thermally conductive material 171 discussed herein
are for illustration purpose and not limiting. Other dimen-
sions are also possible and are fully intended to be included
within the scope of the present disclosure. In addition,
variations ol the disclosed embodiment are possible. For
example, the upper surface of the thermally conductive
material 171 may contact the lower surface of the semicon-
ductor package 160, may be level with, or may be lower (e.g.
closer to the redistribution structure 140) than the upper
surface of the molding material 137. These and other varia-
tions are fully intended to be included within the scope of the
present disclosure.

Compared with the semiconductor device 300 illustrated
in FI1G. 19, the processing steps related to the removal of the
adhesive layer 121 1s omitted for the semiconductor device
400 1n FIG. 20, thereby reducing the number of processing
steps and processing time. The adhesive layer 121, e.g., a
DAF, may have a lower thermal conductivity than the
thermally conductive material 171. To compensate, at least
in part, the loss 1n the efliciency of heat dissipation, the
adhesive layer 121 may be formed of a high-thermal con-
ductivity dielectric material, e.g., with a thermal conductiv-
ity between about 0.2 W/(m-k) and about 10 W/(m-k).

FIG. 21 illustrates the formation of a plurality of dies 130,
cach of which having a metal foil 107 attached to 1its
backside, 1n some embodiments. The dies 130 formed in
FIG. 21 may be used for forming the semiconductor device
500 illustrated in FIG. 27. As illustrated in FIG. 21, a
plurality of dies 130 are formed on a water simultaneously
(e.g., 1n the same processing steps). Next, the metal foil 107,
which 1s pre-formed, 1s attached to the backside of the water
(e.g., corresponding to the backsides of the dies 130) using
an adhesive layer 185. The metal foil 107 may have a
thickness between about 10 um and about 50 um, such as 30
um. As discussed above with reference to FIG. 1, the metal
fo1l 107 has high thermal conductivity (e.g., between about
100 W/(m—-k) and about 400 W/(m-k)) and functions as a
heat sink 1n the semiconductor device 500 (see FIG. 27)
formed. Therefore, the metal foil 107 may also be referred
to as heat sink 1n the discussion herein. The adhesive layer
185 1s a dielectric layer such as a DAF, in some embodi-
ments. As 1llustrated 1n FIG. 21, a dielectric layer 187 1s
formed on the metal foil 107, with the metal foil 107




US 10,510,595 B2

13

between the dielectric layer 187 and the adhesive layer 185.
The dielectric layer 187 1s an adhesive layer, in some
embodiments.

Still referring to FIG. 21, the water 1s then attached to a
tape 183 (e.g., a dicing tape) supported by a frame 181.
Dicing 1s then performed to separate the plurality of dies 130
and to form a plurality of individual dies 130, each of which
has a metal foi1l 107 attached to the backside.

FIGS. 22-27 1llustrate cross-sectional views of a semi-
conductor device 500 at various stages of fabrication, 1n
accordance with an embodiment. Unless otherwise stated,
similar numerals 1 FIGS. 22-27 illustrate the same or
similar components as in FIGS. 1-10, and are formed by the
same or similar formation methods, thus details may not be
repeated.

Referring to FI1G. 22, a dielectric layer 103, which may be
an LTHC film, 1s formed over the carrier 101. Next, the
conductive pillars 109 are formed over the dielectric layer
103. An optional oxidization process may be performed to
form an oxide layer over the conductive pillars 109 to
increase the adhesion between the conductive pillars 109
and the subsequently formed molding material 137.

Next, in FIG. 23, the die 130 with the metal foil 107
attached to the backside (see also FIG. 21) 1s attached to the
dielectric layer 103 by the dielectric layer 187 (e.g., a DAF).

Referring next to FIG. 24, the molding material 137 1s
tormed over the dielectric layer 103. The molding material
137 surrounds the die 130, the metal foil 107, and the
conductive pillars 109, in the 1llustrated example. A pla-
narization process, such as CMP, may be performed to
remove excess portions of the molding material 137, such
that a planar upper surface i1s achieved between the conduc-
tive pillars 109, the die 130, and the molding material 137.
In some embodiments, the planarization process 1s omitted.

Next, in FIG. 25, the redistribution structure 140 1s
tormed over the die 130, the conductive pillars 109, and the
molding material 137. The redistribution structure 140 1s
clectrically coupled to the conductive pillars 109 and the die
130, 1n the 1llustrated embodiment. In addition, the connec-
tors 145 are formed over and electrically coupled to the
redistribution structure 140. In some embodiments, at least
one of the connectors 145 is electrically coupled to the
conductive pillar 109 through the redistribution structure
140. Although not illustrated, UBM structures may be
formed between the connectors 145 and the redistribution
structure 140.

Next, in FIG. 26, the semiconductor device 500 1llustrated
in FIG. 25 1s flipped over, and the connectors 143 are
attached to the tape 153 supported by the frame 151. Next,
the carrier 101 1s removed from the semiconductor device
500 by a carrier-de-bonding process. The dielectric layer
103 1s removed after the carrier de-bonding process, 1n some
embodiments. An optional cleaning process (e.g., an etching
process) may be performed to remove residues of the
diclectric layer 103. As illustrated i FIG. 26, after the
carrier de-bonding process, the dielectric layer 187, the
conductive pillars 109, and the molding material 137 have a
coplanar upper surface.

Next, mn FIG. 27, the semiconductor package 160 1s
bonded to the conductive pillars 109 to form the semicon-
ductor device 500 with a PoP structure. Conductive joints
168 are formed between the semiconductor package 160 and
the conductive pillars 109. Processing 1s the same or similar
to those discussed above with reference to FIG. 10, thus
details are not repeated.

By attaching a pre-made metal fo1l 107 to the backside of
the die 130, the presently disclosed method obviates the
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need to form (e.g., by PVD, CVD) the metal foil over the
carrier 101. Since the metal foil (e.g., copper foil) and the
carrier 101 (e.g., glass carrier) may have different coetl-
cients of thermal expansion (CTEs), the presently disclosed
method reduces or avoids warpage of the semiconductor
device 500 caused by CTE mismatch during fabrication.

FIG. 28 illustrates a flow chart of a method 3000 of
fabricating a semiconductor device, in accordance with
some embodiments. It should be understood that the
embodiment method shown 1n FIG. 28 1s merely an example
of many possible embodiment methods. One of ordinary
skill 1n the art would recognize many variations, alterna-
tives, and modifications. For example, various steps as
illustrated 1 FIG. 28 may be added, removed, replaced,
rearranged and repeated.

Referring to FIG. 28, at step 3010, a metal fo1l 1s attached
to a carrier, the metal foil being pre-made prior to attaching
the metal foil. At step 3020, a conductive pillar 1s formed on
a first side of the metal foil distal the carrier. At step 3030,
a semiconductor die 1s attached to the first side of the metal
fo1l. At step 3040, a molding material 1s formed around the
semiconductor die and the conductive pillar. At step 3050, a
redistribution structure 1s formed over the molding material.

Embodiments may achieve advantages. Each of the dis-
closed embodiments forms an integrated heat sink (e.g., the
metal foil, or the metal paste) 1n the semiconductor device
formed. The built-in heat sink of the semiconductor device
facilitates heat dissipation of the die 130, thus improving the
performance of the die 130 by, e.g., allowing higher inte-
gration density of circuits in the die 130, or by allowing the
die 130 to run at a higher clock frequency. In addition, the
disclosed methods may reduce the manufacturing cost and
time by using a pre-formed metal foil mnstead of forming
(e.g., by CVD, PVD) a metal layer during fabrication of the
semiconductor device. Additional advantage may include
reduced warpage of the semiconductor device.

In an embodiment, a method of forming a semiconductor
device includes attaching a metal foil to a carrier, the metal
fo1l being pre-made prior to attaching the metal foi1l; forming
a conductive pillar on a first side of the metal fo1l distal the
carrier; attaching a semiconductor die to the first side of the
metal foil; forming a molding material around the semicon-
ductor die and the conductive pillar; and forming a redis-
tribution structure over the molding material. In an embodi-
ment, the method further includes after attaching the
semiconductor die and before forming the molding material,
performing an etching process, where the etching process
reduces a width of the conductive pillar. In an embodiment,
the etch process 1s a wet etch process. In an embodiment, the
etch process removes a portion of the metal foil disposed
laterally between the conductive pillar and the semiconduc-
tor die, and where a remaining portion of the metal foil
between the semiconductor die and the carrier has a width
that 1s smaller than a width of the semiconductor die. In an
embodiment, attaching the metal foil include attaching the
metal fo1l to the carner using an adhesive layer, where the
method further includes removing the carrier after forming
the redistribution structure to expose the adhesive layer. In
an embodiment, the method further includes removing the
adhesive layer after removing the carrier, where after remov-
ing the adhesive layer, an upper surface of the conductive
pillar distal the redistribution structure and an upper surface
of the molding material distal the redistribution structure are
exposed; and bonding a semiconductor package to the upper
surface of the conductive pillar. In an embodiment, the
method further includes after removing the carrier, forming
an opening 1n the adhesive layer, the opening exposing an
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upper surface of the conductive pillar distal the redistribu-
tion structure; and bonding a semiconductor package to the
conductive pillar. In an embodiment, the method further
includes forming a dielectric layer over the carrier before
attaching the metal foil, the metal foil being attached to the
dielectric layer. In an embodiment, attaching the semicon-
ductor die includes attaching the semiconductor die to the
first side of the metal foi1l using a dielectric layer, where the
dielectric layer has a thermal conductivity between about 0.2
watts per meter-kelvin (W/(m-k)) to about 10 W/(m-k).
In an embodiment, a method of forming a semiconductor
device includes forming a conductive pillar over a first side
of a carrier; attaching a backside of a die to the first side of
the carrier; forming a molding material around the die and
the conductive pillar; forming a redistribution structure over
the die, the conductive pillar, and the molding material;
removing the carrier, wherein after removing the carrier, a
first surface of the conductive pillar distal the redistribution
structure 1s exposed; forming a heat sink over the backside
of the die; and bonding a semiconductor package to the first

surface of the conductive pillar, the heat sink being between
the semiconductor package and the die. In an embodiment,
forming the heat sink 1includes depositing a thermally con-
ductive material over the backside of the die. In an embodi-
ment, the thermally conductive material has a thermal con-
ductivity between about 100 watts per meter-kelvin (W/(m-—
k)) and about 400 W/(m-k). In an embodiment, forming the
heat sink includes forming a metal paste over the backside
of the die. In an embodiment, attaching the backside of a die
includes attaching the backside of the die to the first side of
the carrier using a die attachung film (DAF), where the metal
paste 1s formed over the DAF. In an embodiment, attaching,
the backside of a die includes attaching the backside of the
die to the first side of the carrier using a die attaching film
(DAF), where the method further comprises after removing

u -

the carrier, removing the DAF to expose the backside of the

= -

die, where the metal paste 1s formed on the backside of the
die. In an embodiment, the heat sink contacts a first side of
the semiconductor package facing the die.

In an embodiment, a semiconductor device includes a
redistribution structure; a die, where a first side of the die 1s
attached to a first side of the redistribution structure; a
molding maternial on the first side of the redistribution
structure and around the die; and a heat sink attached to a
second side of the die opposing the first side of the die,
where a first side of the heat sink distal the redistribution
structure 1s closer to the redistribution structure than a first
surface of the molding material distal the redistribution
structure. In an embodiment, the heat sink 1s a metal foil. In
an embodiment, the semiconductor device further includes a
first dielectric layer attached to the first side of the heat sink,
where a first surface of the first dielectric layer distal the heat
sink 1s level with the first surface of the molding material. In
an embodiment, a thermal conductivity of the first dielectric
layer 1s between about 1 watts per meter-kelvin (W/(m-k))
and about 10 W/(m-k).

The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
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make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 15 claimed 1s:

1. A method of forming a semiconductor device, the
method comprising:

attaching a metal foil to a carrier, the metal foil being

pre-made prior to attaching the metal foil;

forming a conductive pillar on a first side of the metal foil

distal to the carrier;

attaching a semiconductor die to the first side of the metal

foil;

after attaching the semiconductor die, performing an

etching process, wherein the etching process reduces a
width of the conductive pillar, wherein the etching
process removes a portion of the metal foi1l disposed
laterally between the conductive pillar and the semi-
conductor die, and wherein a remaining portion of the
metal fo1l disposed between the semiconductor die and
the carrier has a width that 1s smaller than a width of the
semiconductor die;

alter performing the etching process, forming a molding

material around the semiconductor die and the conduc-
tive pillar; and

forming a redistribution structure over the molding mate-

rial.

2. The method of claim 1, wherein the etching process 1s
a wet etch process.

3. The method of claim 1, wherein attaching the metal foil
comprise attaching the metal foil to the carrier using an
adhesive layer, wherein the method further comprises
removing the carrier after forming the redistribution struc-
ture to expose the adhesive layer.

4. The method of claim 3, where the method further
COmprises:

removing the adhesive layer after removing the carrier,

wherein after removing the adhesive layer, an upper
surface of the conductive pillar distal to the redistribu-
tion structure and an upper surface of the molding
material distal to the redistribution structure are
exposed; and

bonding a semiconductor package to the upper surface of

the conductive pillar.

5. The method of claim 3, further comprising;:

alter removing the carrier, forming an opening in the

adhesive layer, the opening exposing an upper suriace
of the conductive pillar distal to the redistribution
structure; and

bonding a semiconductor package to the conductive pillar.

6. The method of claim 1, further comprising forming a
dielectric layer over the carrier before attaching the metal
to1l, the metal fo1l being attached to the dielectric layer.

7. The method of claim 1, wherein attaching the semi-
conductor die comprises attaching the semiconductor die to
the first side of the metal foil using a dielectric layer,
wherein the dielectric layer has a thermal conductivity
between about 0.2 watts per meter-kelvin (W/(m-k)) to
about 10 W/(m-k).

8. The method of claim 1, wherein the etching process
reduces the width of the conductive pillar by about 20 um to
about 60 um.

9. The method of claim 1, wherein a material of the metal
fo1l has a thermal conductivity between about 100 watts per
meter-kelvin (W/(m-k)) and about 400 W/(m-k).

10. A method of forming a semiconductor device, the
method comprising:

attaching a pre-formed metal film to a carrier;
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attaching a die to a first side of the pre-formed metal film

distal to the carrier;
performing an etching process to remove a first portion of
the pre-formed metal film disposed beyond lateral
extents of the die, wherein after the etching process, a
second portion of the pre-formed metal film remains
within the lateral extents of the die, wherein a sidewall
of the second portion of the pre-formed metal film 1s
misaligned with a respective sidewall of the die;

forming a molding material over the carrier and around
the die after the etching process; and

forming a redistribution structure over the die and the

molding matenal.

11. The method of claim 10, further comprising forming
external connectors at a first side of the redistribution
structure facing away from the molding material.

12. The method of claim 10, wherein performing the
ctching process comprises performing a wet etch process
using an etchant that i1s selective to the pre-formed metal
f1lm.

13. The method of claim 10, further comprising, before
performing the etching process, forming a metal pillar over
the pre-formed metal film.

14. The method of claim 13, wherein the etching process
reduces a width of the metal pillar.

15. The method of claim 13, wherein the pre-formed
metal film and the metal pillar are formed of a same material.

16. The method of claim 13, further comprising;

removing the carrier;

exposing an end surface of the metal pillar; and

bonding a semiconductor package to the end surface of

the metal pillar.

17. A method of forming a semiconductor device, the
method comprising:
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attaching a metal foil to a carrier using an adhesive layver,
wherein the metal foil 1s pre-made before being
attached to the carrier:;

forming a metal pillar on a first surface of the metal foil
facing away from the carrier;

attaching a die to the first surface of the metal foil;

reducing a height and a width of the metal pillar using an
etching process after attaching the die, wherein the
etching process removes portions of the metal foil and
exposes an upper surface of the adhesive layer, wherein
after the etching process, a remaining portion of the
metal fo1l 1s disposed between the die and the adhesive
layer, wherein a first distance between opposing side-
walls of the remaiming portion of the metal foil 1s
smaller than a second distance between opposing side-
walls of the die; and

forming a molding material over the upper surface of the
adhesive layer, wherein the molding matenial surrounds
the metal pillar and the die.

18. The method of claim 17, further comprising:

forming a redistribution structure over the molding mate-

rial, wherein a conductive feature of the redistribution

structure 1s electrically coupled to the metal pillar; and
forming connectors on a first side of the redistribution

structure facing away from the molding material.

19. The method of claim 17, wherein the metal foil 1s
formed of a maternial having a thermal conductivity between
about 100 watts per meter-kelvin (W/(m-k)) and about 400
W/(m-k).

20. The method of claim 17, wherein an oflset between a
sidewall of the remaining portion of the metal foil and a
respective sidewall of the die 1s between about 10 um and
about 30 um.
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